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(54) PROJECTION EXPOSING DEVICE 
(57)Abstract: 

PURPOSE: To continuously fit a surface of a wafer to a imaging surface 
of a projection optical system with high following precision even when a 
height of a imaging surface is changed during scanning exposure. 
CONSTITUTION: A surface including an image through an projecting 
optical system 11 of a pattern within a lighting area 8 on a reticule 7 is 
taken as a first reference surface 62 to determine inclination eXP of the 
reference surface 62, and when the reticule 7 is scanned in X-direction, 
an image surface continued to a conjugate image on a wafer 12 side of the 
central point of the lighting area 8 is taken as a second reference surface 
65 to determine the inclination GX of the reference surface 65. In scanning 
exposure, the inclination of a lighting field 13 of the wafer 12 is fitted to 
the first reference surface 62, and a focus point of the wafer 12 is fitted 
to the second reference surface 65. 
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* NOTICES * 

Japan Patent Office is sot responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The projection aligner which imprints the image of the pattern of the aforementioned mask serially in the 
exposure field on the aforementioned substrate by illuminating the mask with which the pattern for an imprint 
characterized by to provide the following was formed, and scanning the aforementioned mask and the aforementioned 
substrate synchronously to the aforementioned projection optical system where some images of the pattern of this mask 
are projected on the predetermined exposure field on a photosensitive substrate through a projection optical system. 
The field position detection sensor which detects the focal position of the tilt angle of the aforementioned 
predetermined exposure field on the aforementioned substrate, and the direction of an optical axis of the 
aforementioned projection optical system. The tilt- angle control means which control the tilt angle of the 
aforementioned substrate to double the tilt angle detected by this field position detection sensor with the tilt angle of 
the 1st datum level which becomes settled by the projection image by the aforementioned projection optical system of 
the aforementioned mask, A focal position control means to control ^e focal position of the aforementioned substrate 
to double the focal position detected by the aforementioned field position detection sensor with the focal position of the 
2nd datum level which becomes settled according to the tilt angle of the scanning direction of the run side of the 
aforementioned mask, and the tilt angle of the aforemenfioned mask. 

[Claim 2] It is the projection aligner characterized by being a projection aligner according to claim 1, measuring 
beforehand the state of change of the tilt angle of the 1 st datum level of the above, and the focal position of the 2nd 
datum level of the above, and memorizing it in the aforementioned filt-angle control means and the aforementioned 
focal position control means, respecfively. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the scanning exposure type projection aligner of so-called step - which 
imprints a mask pattern serially on a sensitization substrate, - scanning method, etc. by scanning a mask and a 
sensitization substrate synchronously to a projection optical system about the projection aligner used at the 
photolithography process for manufacturing a semiconductor device, image pck-up elements (CCD etc.), a liquid 
crystal display element, or the thin film magnetic head in more detail. 
[0002] 

[Description of the Prior Art] Conventionally, in case a semiconductor device etc. is manufactured using 
photolithography techjiology, the projection aligners (stepper etc.) of the step-and-repeat method which carries out 
projectionTxposure are used Vor each shot field on the wafers (or glass substrate etc.) with which the pattern of the 
reticle as a mask was applied to the photoresist as a sensitization substrate through the projection optical system. On 
the other hand, recently, it is in the inclination which one chips, such as a semiconductor device, enlarge, and it is 
required that projection exposure of the pattern of a large area should be carried out more on a wafer. Then, the 
projection aligner of the scanning exposure method in which the exposure to the shot field of the latus range is more 
possible than the effective exposure field of a projection optical system is developed by scanning a reticle and a wafer 
synchronously to a projection optical system. 

[0003] In addition, although the aligner which carries out projection exposure of the whole pattern of the reticle of one 
sheet serially all over one sensitization substrate by actual size conventionally is known as a scanning exposure 
method, the methods developed recently are step - which performs movement between each shot field by the stepping 
method^ and a - scanning method while it is reduction projection and a scanning exposure method performs exposure to 
each shot field on a wafer. 

[0004] Generally, since a projection optical system with the shallow depth of focus with large numerical aperture 
(N.A.) is used in a projection aligner, in order to imprint a detailed circuit pattern in high resolution, the mechanism for 
doubling the front face of a wafer with the image formation side of a projection optical system is required. Then, at the 
projection aligner of the conventional package exposure method, the tilt sensor (leveling sensor) which measures the 
tilt angle of the front face of a wafer, for example on the basis of the slideway (run side) of a wafer stage is formed, the 
tilt angle of the image formation side of a projection optical system is beforehand measured on the basis of the 
slideway, and the front face of a wafer is doubled in parallel with the image formation side by the servo system so that 
it may be completed as this tilt angle by the measurement value by the tilt sensor. And the whole region of each shot 
field of a wafer is doubled within the limits of the depth of focus to an image formation side by using together control 
(auto leveling control) of this tilt angle with the so-called autofocus control which doubles the height (focal position) of 
the front face of a wafer with the position of the image formation side of a projection optical system. 
[0005] Moreover, also in the projection aligner of a scanning exposure method, it is a package exposure method and 
the almost same control system, and the front face of a wafer is conventionally doubled with an image formation side. 
Furthermore, by the scanning exposure method, to the projection field (henceforth the "**** field") of the shape of a 
slit which projected some patterns of a reticle on the wafer through the projection optical system, the focal position of 
the front face of a wafer is predicted in the read-ahead field of a near side to a scanning direction, and the amendment 
control system is also proposed in the focal posifion of a wafer based on this read-ahead result. Moreover, below, the 
big field on the shot field where the pattern image of the whole reficle is projected serially is called "exposure field" to 
the **** field. 
[0006] 

[Problem(s) to be Solved by the Invenfion] In step [ of the conventional scanning exposure method, especially a 
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reduction scale factor ] and the projection aligner of - scanning method, since a reticle and a wafer are independently 
scanned to a projection optical system, the run side of a reticle and the run side of a wafer are set up independently, 
respectively. Moreover, since the run side of a reticle and the pattern formation side of a reticle are not necessarily 
parallel, according to the scanning position of a reticle, the height of the image formation side (image surface of the 
pattern image of a reticle) of a projection optical system may change gradually. Thus, when the height of an image 
formation side changed gradually and the direction and the direction of the run side of a wafer where the height of the 
image formation side changes were not parallel, it originated in the speed of response of autofocus control, the 
following error occurred, and there was a possibility that the front face of the exposure field (shot field) of a wafer 
might separate from the range of the depth of focus to an image formation side partially. 
[0007] this invention aims at offering the projection aligner which can double [ be / under / scanning exposure / 
continuation / it ] the front face of a wafer with the image formation side in a high flattery precision, even if the height 
of the image formation side of a projection optical system changes during scanning exposure in view of this point. 
[0008] 

[Means for Solving the Problem] The projection aligner by this invention illuminates the mask (7) with which the 
pattern for an imprint was formed. Where some images of the pattern of this mask are projected on the predetermined 
exposure field (**** field 13) on a photosensitive substrate (12) through a projection optical system (11) By scanning a 
mask (7) and a substrate (12) synchronously to a projection optical system (1 1) In the projection aligner which imprints 
the image of the pattern of a mask (7) serially in the exposure field on a substrate (12) The field position detection 
sensor which detects the focal position of the tilt angle of the predetermined exposure field (13) on a substrate (12), and 
the direction of an optical axis of a projection optical system (1 1) (25), The tilt-angle control means which control the 
tilt angle of a substrate (12) to double the tilt angle detected by this field position detection sensor with the tilt angle of 
the 1st datum level (62) which becomes settled by tlie projection image by the projection optical system (11) of a mask 
(7) (16A- 16C, 20), The focal position detected by tiie field position detection sensor (25) The tilt angle of the scanning 
direction of the run side (10a) of a mask (7) (thetaX), And it has a focal position control means (16A- 16C, 20) to 
control the focal position of a substrate (12) to double with tiie focal position of the 2nd datum level (65) which 
becomes settied according to the tilt angle of a mask (7). 

[0009] The 1st datum level [ in otiier words / as opposed to the exposure field (**** field) of the projection image of 
some patterns of a mask at this invention ] (62), The 2nd datum level (65) to the exposure field on the substrate (12) 
obtained as a result of scaiming exposure is managed. Performing control of the tilt angle of a substrate (12) based on 
the tilt angle of the 1st datum level (62), control of the focal position of a substrate (12) has gone based on tiie focal 
position of the 2nd datum level (65). 

[0010] In this case, as for the state of change of the tilt angle of the 1st datum level (62), and the focal position of the 
2nd datum level (65), it is desirable for it to be measured beforehand and to memorize in tilt-angle control means (16A- 
16C, 20) and a focal position control means (16A- 16C, 20), respectively. 
[0011] 

[Function] With reference to drawing 8 which shows the important section of one example of this invention, it explains 
about the principle of this this invention. Let die two-dimensional tiU angle of the run side (slideway) (1 7a) of the stage 
system (14, 15X, 15Y) which scans a substrate (12) be a reference value (0 0) in drawing_8 (a). The two-dimensional 
tilt angle expresses the tilt angle around the Y-axis which is tiie rectangular coordinate system of a flat surface 
perpendicular to the optical axis of a projection optical system (1 1), and the X-axis, and the tilt angle of the 1st datum 
level [ as opposed to a run side (17a) considering the image formation side of the irradiation field (13) which is the 
projection image of some patterns (8) of a mask as the 1st datum level (62) ] (62) ~ tiien (tiietaXP, thetaVP), tilt-angle 
control means - the tilt angle of tiie front face of a substrate (12) ~ the (tiietaXP, tiietaYP) - it is controlled as desired 
value Consequentiy, tiie front face of a substrate (12) is set up in parallel to tiie 1st datum level (62). 
[0012] Since the 1st datum level (62) inclines to a run side (17a) in tiiis state when tiie scan of a mask (7) and a 
substrate (12) is performed, die focal position (height) of a substrate (12) changes according to the position of tiie 
substrate (12) of a scanning direction, position XO which the position of a substrate (12) shows temporarily to drawing 
8 (a) by making tiie scanning direction of a substrate (12) into tiie direction of +X tiie focal position when changing to 
tiie position X where tiie position of zO and a substrate (12) shows tiie focal position when being to drawing 8 (b) - zA 
** ~ if it carries out, the following relations will be materialized in approximation 
[0013] 

[Equation 1] zA =(X-XO) tiietaXP+zO - here, in order to take into consideration the influence by the scan of a mask (7) 
fiirther, tiie pattern formation side of a mask (7) presupposes at a scanning direction tiiat the predetermined angle 
inclination is carried out to the run side (10a) of a mask (7) A tilt angle [ as opposed to / as shown in dj^ing_8 (b) as 
tiie result, when a mask (7) is scanned in the direction of X / a scanning direction in the position of the image formation 
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side in the center of the **** field ] (tilt angle around a Y-axis) is thetaX. It moves along with the 2nd datum level 
(65). Moreover, the next relation is materialized, when a projection optical system (1 1) will project an inverted image, 
if the projection scale factor from the mask of a projection optical system (11) to a substrate is set to beta (beta is 1/4, 
and 1 / 5 grades) for the position of drawing 8 (a) and the direction of X of the mask (7) in the state of (b) as xO and x, 
respectively. 
[0014] 

[Equation 2] X-XO =-beta (x-xO) 

moreover, position XO where thetaX and a substrate (12) show the tilt angle of the 2nd datum level (65) to drawing 8 
(a) the focal position when being -- zO it is -- a sake -- drawing 8 (-- focal position zB where the focal position in the 
center of the irradiation field in the state of b) is mostly expressed with the following formula It changes. 
[0015] 

[Equation 3] zB =(X-X0) thetaX+zO, therefore this focal position zB Although what is necessary is to consider as a 
target and just to perform focus control (autofocus control), the focal position of a substrate (12) is the focal position 
zA shown by (several 1), corresponding to the tilt angle of the 1st datum level (62) in fact. It changed and amount of 
defocusing deltaz expressed with the following formula has arisen. 
[0016] 

[Equation 4] deltaz=zB-zA = (X-XO) (thetaX-thetaXP) 

Therefore, what is necessary is just to perform actual focus control so that for example, (several 4) amount of 
defocusing deltaz may be set to 0. Moreover, tilt-angle thetaXP of the 1st datum level (62) and tilt-angle thetaX of the 
2nd datum level (65) What is necessary is to ask by performing test PURINNTO and just to memorize it, for example, 
respectively. Consequently, it becomes possible to change the focal position of a substrate (12) along with the plane of 
projeciion as tne wnoic iimsK (/), uuuuiiug uic un aii^ic ui a auusuaic v^-^/ wiui tll^^ imu^^ ouii^**ww ^ivj^-w^xv^^^ 
image in the **** field of a mask (7). 
[0017] 

[Example] Hereafter, with reference to a drawing, it explains per example of the projection aligner by this invention, 
this example applies this invention to the projection aligner of step - and - scanning method. Drawing 1 shows the 
projection aligner of this example, and the lighting light IL for the exposure from the light source system I containing 
the light source, an optical integrator, etc. illuminates the lighting field 8 of the shape of a slit of the pattern formation 
side (inferior surface of tongue) of a reticle 7 by the uniform illumination distribution in this drawing 1 through the 1st 
relay lens 2, a reticle blind (good distorsion-of-image field drawing) 3, the 2nd relay lens 4, a mirror 5, and the main 
condenser lens 6. The arrangement side of a reticle blind 3 is conjugate mostly with the pattern formation side of a 
reticle 7, and the position and configuration of the lighting field 8 are set up with the position and configuration of 
opening of a reticle blind 3. 

[001 8] Projection exposure of tiie image through the projection optical system 1 1 of the pattern in the lighting field 8 
on a reticle 7 is carried out into the **** field 13 of the shape of a slit on the wafer 12 with which the photoresist was 
applied. Here, the Z-axis is taken in parallel with the optical axis of a projection optical system 1 1, and a Y-axis is 
taken for the X-axis in the space of drawing. 1 in parallel with the space of drawing J within a two-dimensional flat 
surface perpendicular to the optical axis. A reticle 7 is held on a reticle stage 9, and drives a reticle stage 9 by the linear 
motor in the direction of X which is a scanning direction on the reticle base 10. The X coordinate of a reticle 7 is 
measured by the move mirror 18 on a reticle stage 9, and the external laser interferometer 19, the main-control system 
20 to which this X coordinate carries out control control of the operation of the whole equipment is supplied, and the 
main-control system 20 performs the position of a reticle 7, and control of traverse speed through the reticle-stage drive 
system 21 and a reticle stage 9. 

[0019] On the other hand, a wafer 12 is held on Z tilt stage 14 through a non-illustrated wafer electrode holder. It is 
laid on Y stage 15Y through the actuators 16A-16C which can move Z tilt stage 14 to three Z directions freely. Y stage 
15Y It is laid so that it may be moved in the direction of Y for example, by the feed screw method onto X stage 15X, 
and X stage 1 5X is laid so that it may be moved in the direction of X for example, by the feed screw method onto the 
equipment base 17. By making three actuators 16A-16C expand and contract in parallel, adjustment of the position 
(focal position) of the Z direction of Z tilt stage 14 is performed, and adjustment of the surrounding tilt angle of the X- 
axis of Z tilt stage 14 and a Y-axis is performed by adjusting individually the amount of expansion and contraction of 
three actuators 1 6 A- 1 6C. 

[0020] Moreover, the monitor of tiie X coordinate of a wafer 12 is always carried out by move mirror 22X for the X- 
axes fixed to the upper limit of Z tilt stage 14, and external laser interferometer 23X, and the X coordinate and Y 
coordinate which the monitor of the Y coordinate of a wafer 12 was always carried out by move mirror 22 Y for the Y- 
axes (refer to drawing 7 ) and external laser interferometer 23Y, and were detected by them are supplied to the main- 
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control system 20. 

[0021] Here, it explains per example of composition of Actuators 16A-16C. Drawing 6 is the cross section of actuator 
16A, in this drawing 6 , the drive housing 40 is fixed on Y stage 15Y of drawing 1 , a feed screw 41 is contained fi-ee 
[ rotation ] in the drive housing 40, the Rota encoder 43 for angle-of-rotation detection is connected to the left end of a 
feed screw 41 through distributor shaft coupling 42, and the rotary motor 45 is connected to the right end of a feed 
screw 46 through distributor shaft coupling 44. Moreover, a nut 39 is screwed in a feed screw 41, slant-face section 
36A toward which the upper limit inclined through the support 38 in the nut 39 is fixed, and body-of-revolution 36B 
touches the upper limit of slant-face section 36A. Free [ rotation in Z tilt stage 14 of drawingl ], body-of-revolution 
36B is embedded so that it cannot move to a longitudinal direction. 

[0022] Moreover, slant-face section 36A is supported so that it can move in the direction parallel to a feed screw 41 
along with the straight-line guide 37. In this case, the control signal which shows the drive speed from the wafer stage 
control system 24 of draydngJL is supplied to the rotary motor 45, and the rotary motor 45 rotates a feed screw 41 at the 
directed drive speed (angular velocity). Thereby, a nut 39 moves in the direction of X along with a feed screw 4 1 , and 
also moves slant-face section 36A along with a feed screw 41. Therefore, body-of-revolution 36B in contact with the 
upper limit of slant-face section 36A is displaced in the vertical direction (Z direction) to the drive housing 40, rotatmg. 
Moreover, the traverse speed to the vertical direction of body-of-revolution 363 is detected by measuring the angular 
rate of rotation of a feed screw 41 by the rotary encoder 43. Other actuators 16B and 16C are the same composition. 
[0023] In addition, you may constitute Actuators 16A-16C besides the method which uses a rotary motor like drawing 
6 using a piezo-electric element etc. Returning to drawing 1 , the main-control system 20 controls operation of X stage 
15X and Y stage 15Y and Z tilt stage 14 through the wafer stage drive system 24 based on the supplied coordinate, for 
example, in exposing by the scanning exposure method, as that on which a projection optical system 1 1 projects an 
inverted image for the projection scale factor beta Coeta is for example, 1 / 4 grades) A reticle stage 9 is minded and it 
is speed VR to the direction of +X (or the direction of -X) to the lifting field 8 about a reticle 7. It synchronizes with 
scanning. A wafer 12 is scanned at speed VW (=beta-VR ) in the direction of -X (or the direction of +X) to the **** 
field 13 through X stage 15X. 

[0024] Next, it explains per composition of the focal position detection system (henceforth a "multipoint AF sensor ) 
25 of the multipoint for detecting the position (focal position) of the Z direction of the front face of a wafer 12. As 
opposed to the photoresist injected from the light source 26 in this multipoint AF sensor 25 a nonphotosensitivity 
detection light Illuminate many slits in the light transmission slit board 28 through a condenser lens 27, and the image 
of these slits minds an objective lens 29. It is aslant projected to the optical axis of a projection opfical system 1 1 in 15 
measure points PI 1-P51 of the **** field 13 on a wafer 12, and the read-ahead fields 35A and 35B (refer to drawing 
2 ) before and behind this. 

[0025] Drawing 2 shows arrangement of these measure points PI 1-P51 on a wafer 12, and the read-ahead fields 35A 
and 35B are set to the direction of +X, and direction side of -X to the slit-like **** field 13 in this dLawing 2 , 
respecdvely. And the measure points P21-P43 of three line x3 train are set up in the **** field 13, three measure points 
PI 1-P13 are set up in read-ahead field 35B, and three measure points P51-P53 are set up in read-ahead field 35A. In 
this example, it asks for the average focal position in the **** field 13, and a tilt angle from the information on the 
focal position in nine measure points in the **** field 13. And amendment of the level difference of the front face of a 
wafer 12 etc. is performed using the information on the focal position in three measure points in read-ahead field 35 A 
(or 35B) if needed. . 
[0026] It returns to d rawing 1 , the reflected light from those measure points is condensed on the vibrating-sht board 31 
through a condenser lens 30, and re-image formation of the slit image projected on the vibrating-slit board 31 in these 
measure points is carried out. The vibrating-slit board 3 1 is vibrating in the predetermined direction with the shaker 32 
driven by the driving signal DS from the main-control system 20. Photo electric transladon of the light which passed 
many slits of the vibrating-slit board 31 is carried out by many optoelectric transducers on a photodetector 33, 
respecdvely, and these photo-electric-translation signal is supplied to a signal-processing system 34. 
[0027] D rawin g 3 shows the light transmission slit board 28 in drawing J. , and slits 281 1-2853 are formed in the 
posidon corresponding to the measure points PI 1-P53 on die wafer of drawing 2 in diis drawing_3_ at die light 
transmission slit board 28, respecdvely. Moreover, also on die vibrating-slit board 3 1 in drawing 1 , as shown in 
drawing 4 , slits 3 1 1 1 -3 1 53 are formed in die posidon corresponding to the measure points P 1 1 -P53 on the wafer of 
drawing_2 , respecdvely, and die vibradng-slit board 31 is vibradng in the measurement direcdon which intersects 
perpendicularly widi die longitudinal direcdon of each slit widi a shaker 32. 

[0028] Drawing 5 shows die photodetector 33 in drawing I. , and a signal-processing system 34, and sets them to diis 
drawing.5 . next, to die optoelectric transducers 331 1-3313 of die 1st line on a photodetector 33 The light which passed 
die slit to which it is reflected in from die measure points PI 1 -PI 3 of drawing 2 , respecdvely, and corresponds in die 
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vibrating-slit board 31 carries out incidence. In the optoelectric transducers 3321-3343 of - of 2nd line the 4th line The 
light which passed the slit to which it is reflected in from the measure points P21-P43 of drawing_2 , respectively, and 
corresponds in the vibrating-slit board 31 carries out incidence, to the optoelectric transducers 3351-3353 of the 5th 
line The light which passed the slit to which it is reflected in from the measure points P51-P53 of drawing 2 , 
respectively, and corresponds in the vibrating-slit board 31 carries out incidence. And the detecting signal from 
optoelectric transducers 331 1-3353 is supplied to synchronous detectors 471 1-4753 through amplifier 461 1-4653. By 
detecting synchronously the detecting signal inputted using the driving signal DS for shaker 32, respectively, 
synchronous detectors 471 1-4753 generate the focal signal which changes in proportion [ almost ] to the focal position 
of a corresponding measure point in the predetermined range. In this example, the focal signal outputted from 
synchronous detectors 471 1-4753 is in the state to which the reticle 7 stood it still in the center of a scanning direction 
in draw ing 1 , respectively, and when the corresponding measure point has agreed in the image formation side (best 
focus side) of a projection optical system 1 1, the calibration is performed so that it may be set to 0. 
[0029] The focal signal outputted from synchronous detectors 471 1-4753 is supplied to a multiplexer 48 in parallel, a 
multiplexer 48 supplies the focal signal chosen in an order from the focal signal supplied synchronizing with the switch 
signal from the microprocessor (MPU) 50 in the main-control system 20 to an analog / digital (AID) converter 49, and 
the digital focal signal outputted from A/D converter 49 is stored in the memory 51 in the main-control system 20 one 
by one. 

[0030] Drawin g 7 shows the drive system of three actuators 16A-16C of d rawing 1 , and the digital focal signal which 
shows the focal position in the measure points P 1 1 -P53 of drawing 2 in each address 5111-5153 of memory 5 1 , 
respectively is stored in the main-control system 20 of this drawing 7 . In addition, these focal signals are serially 
rewritten by the predetermined sampling period. The focal signal read from the addresses 5121-5143 corresponding to 
the measure point in the **** field 13 of drawing 2 in these addresses is supplied to tiie least-sqaaics-metliod 
calculation section 52 in parallel, the flat surface which agrees on the front face of the **** field 13 in least squares 
method in the least-squares-method calculation section 52 based on nine focal signals corresponding to nine measure 
points P21-P43 in the **** field 13 ~ determining ~ filt-angle thetaY around tilt-angle thetaX the focal position (Z 
coordinate) z in the center of this determined flat surface, and around a Y-axis, and the X-axis It asks. Such tilt-angle 
thetaX, tilt-angle thetaY, and the focal position z are supplied to the subtraction sections 54A, 54B, and 54C, 
respectively. 

[0031] Moreover, the focal signal corresponding to the measure point in read-ahead field 35A of drav/ing 2 and 35B 
read from the addresses 51 1 1-51 13 in memory 51, and 5151-5153 is supplied to the read-ahead amendment section 53. 
In the read-ahead amendment section 53, detection of the irregularity of the front face of a wafer 12 etc. is performed. 
In the main-control system 20 of this example, the 1st storage section 55 and tiie 2nd storage section 56 are formed, 
furthermore, in the 1st storage section 55 Tilt-angle thetaXP around the Y-axis showing the image formation side in the 
***+ field 13 on a wafer 12 of the 1st datum level, and tilt-angle thetaYP around the X-axis, For example, focal 
position zO of the image formation side in the center of the **** field 13 in case the center of a reticle 7 is on the 
optical axis of a projection optical system 1 1 It memorizes. On the other hand, tilt-angle (as opposed to scanning 
direction) thetaX around the Y-axis showing the image formation side in the whole surface of the exposure field on a 
wafer 12 (shot field) of the 2nd datum level is memorized by the 2nd storage section 56. 

[0032] Here, with reference to drawing 8 , it explains to a detail per the 1st and 2nd datum level. Drawing 8 (a) shall 
simplify and show the stage system of drawing 1 , and the pattern formation side of a reticle 7 shall carry out the 
predetermined angle inclination of the reticle stage 9 which scans a reticle 7 in the direction of X to run side 10a in this 
drawing 8 (a) as what moves along with run side (slideway) lOa. Moreover, the surrounding tilt angle of the Y-axis of 
run side 17a and tiie X-axis shall be adjusted to (0, 0) as what X stage 15X which scans a wafer 12 in the direction of X 
moves along with run side 17a. 

[0033] In this case, surrounding tih-angle tiietaXP of the Y-axis and the X-axis, thetaYP, and the focal position zO of 
the datum level 62 It asks beforehand. [ as opposed to / the image formation side of the image with which the reticle 7 
projected the pattern of the reticle 7 in the lighting field 8 on the **** field 13 through the projection optical system 1 1 
in the state of being in the position of the center of a scanning direction is the 1st datum level 62, and / run side 17a of 
the 1st datum level 62 ] And by control of the amount of expansion and contraction of three actuators 16A-16C (refer 
to drawjng.7 ), the front face of a wafer 12 is set up so that it may agree in the 1st datum level 62. However, in drawing 
8 (a), if the position of a reticle 7 runs, it moves in tiie direction of X along with field lOa and tiie lighting field 8 is 
changed to a Z direction, tiie image formation side of the image in tiie **** field 13 will be changed to a Z direction in 
parallel witii tiie 1st datum level 62. The 2nd datum level expresses tiie amount of change to tiie Z direction of tiiis 1st 
datum level 62. 

[0034] That is, tiie interval of tiie direction of X of point 63 A on tiie pattern formation side of tiie reticle 7 on tiie 
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optical axis AX of a projection optical system 1 1 and point 64A separated from this point in the direction of +X is 
made into (x-xO) by drawin g 8 (a). And suppose that there is the next relation using tiie projection scale factor beta of a 
projection optical system 1 1 from point 63 A and image point 63B [ conjugate / on a wafer 12 ], using as point 64B the 
point on the wafer 12 which left only the interval (X-XO) in the direction of X. 
[0035] 

[Equation 5] X-XO --beta (x-xO) 

Then, if point 64A on a reticle 7 results on an optical axis AX as a reticle 7 and a wafer 12 are scanned with a velocity 
ratio beta in the direction of -X, and the direction of +X from the state of drawing 8 (a), respectively where the tilt 
angle and focal position of a wafer 12 are locked, and shown in drawing 8 (b), on a wafer 12, point 64B will result on 
an optical axis AX. However, since the lighting field on a reticle 7 is displacing to the Z direction, it is separated [ from 
the position of image point 64C through the projection optical system 1 1 of point 64A on a reticle 7 ] of interval deltaz 
to the Z direction to point 64B. If it passes along the first wafer 12 side image point 63B and this image point 64C and 
the surrounding tilt angle of the X-axis uses the same flat surface as tilt-angle tiietaYP of the 1st datum level 62 as the 
2nd datum level 65 in drawing 8 (b) here When a reticle 7 and a wafer 12 are scanned in the direction of -X, and the 
direction of X, respectively, the straight line which put the image point through the projection optical system 1 1 of the 
point on the optical axis AX of a reticle 7 in a row is on the 2nd datum level 65. In other words, the image formation 
side of the pattern image of the reticle projected on the exposure field on a wafer 12 (shot field) turns into the 2nd 
datum level. 

[0036] At this example, it is tilt-angle thetaX around the Y-axis of the 2nd datum level 65. It is measured beforehand. 
Then, interval deltaz of point 64B on the wafer 12 in drawing , 8 (b) and image point 64C is as follows using tilt-angle 
thetaXP of the 1st datum level 62, and tilt-angle thetaX of the 2nd datum level 65. 



I J 



[Equation 6] deltaz= (X-XO) (thetaX-thetaXP) 

Then, a focus (autofocus) is performed when only interval deltaz changes the height of three actuators 16A-16C in 
parallel. In this case, leveling is already completed. 

[0038] It returns to drawing 7 , tilt-angle thetaXP of the 1 st datum level from the 1st storage section 55 and thetaYP are 
supplied to the subtraction sections 54A and 54B as desired value of a tilt angle, respectively, and the deflection 
deltathetaX (=theta XP-theta X) and deltathetaY (=thetaYP-thetaY) of a tilt angle is supplied from the subtraction 
sections 54A and 54B to a target position / speed-conversion section 58, respectively. Moreover, tilt- angle thetaXP 
from the 1 St storage section 55 and the focal position zO of the image formation side in a reference state Tilt-angle 
thetaX of the 2nd datum level from the 2nd storage section 56 The focal position amendment section 57 is supplied. 
Moreover, the X coordinate of Z tilt stage 14 (wafer 12) measured by laser interferometer 23X of the X-axis is supplied 
to the focal position amendment section 57, and the target position / speed-conversion section 58, and the Y coordinate 
of Z tilt stage 14 measured by laser interferometer 23 Y of a Y-axis is supplied to a target position / speed-conversion 
section 58. 

[0039] In the focal position amendment section 57, amount of gaps deltaz of a focal position is computed from (several 
6), using the X coordinate of XO and the present Z tilt stage 14 as X for the X coordinate of Z tilt stage 14 in a 
reference state, and it is the focal position zO to this amount of gaps deltaz. It adds, asks for the target focal position zP, 
and is this target focal position zP. Subtraction section 54C is supplied. According to this, deflection deltaz {=zP-z) of a 
focal position is supplied from subtraction section 54C to a target position / speed-conversion section 58. In a target 
position / speed-conversion section 58, the coordinate (XI, Yl) of each point of application of three actuators 16A, 
16B, and 16C at the time of making the optical axis of a projection optical system 1 1 into a zero, (X2 and Y2), and (X3 
and Y3) are first computed from the X coordinate of supplied Z tilt stage 14, and a Y coordinate. 
[0040] moreover -- beforehand -- loop gain KthetaX of tilt-angle thetaX and tilt-angle thetaY and each position control 
system of the focal position z KthetaY And KZ it memorizes having - ****-- a target position / speed-conversion 
section 58 — each speed instruction value VZl from the following formula to three actuators 16A, 16B, and 16C, VZ2, 
and VZ3 It computes. 
[0041] 
[Equation 7 
VZj 

VZ2 
VZ3 



0 
0 



0 
0 



0 
0 



Xj Y. 1 
X2 1 
X3 Ya 1 



A 0v 
A z 



[0042] Since - (X3, Y3) changes according to the coordinate (XI, Yl) of Actuators 16A-16C and a wafer 12 being 
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scanned, a target position / speed-conversion section 58 performs an operation [ serially / (several 7) ] by the 
predetermined time interval, whenever the position of a wafer 12 carries out predetermined step change, and they are 
the speed instruction value VZl, VZ2, and VZ3. It computes. These speed instruction value VZl -VZ(s)3 The speed 
controller 60 is supplied and the speed controller 60 drives Actuators 16A-16C through power amplification 61 A-61C. 
Moreover, the detecting signal of the speed from the rotary encoders 43A-43C (it is the same as the rotary encoder 43 
of drawing 6 ) inside Actuators 16A-16C is fed back to the speed controller 60. Thereby, for Actuators 16A-16C, a 
point is drive speed VZl -VZ3, respectively. It drives to a Z direction. 

[0043] And the surface position and surface tilt angle of a wafer 12 after driving with the actuators 16A-16C are 
measured by the multipoint AF sensor 25 of drawing 1 , and the least-squares-method calculation section 52 grade of 
drawing 7 , and the deflection of this measurement result and desired value is fed back to a target position / speed- 
conversion section 58. By carrying out servo control of the tilt angle and focal position of Z tilt stage 14 such during 
scanning exposure, after the **** field 13 of a wafer 12 has always agreed in the image formation side of the 
projection image of the pattern in the lighting field 8 of a reticle 7, exposure is performed. 

[0044] Next, tilt-angle thetaXP of the 1st datum level 62 corresponding to the image formation side in the **** field 
13 shown in drawi ng 8 , thetaYP, and tilt-angle thetaX of the 2nd datum level 65 corresponding to the image formation 
side of the exposure field on a wafer 12 It explains per example of a measuring method. First, after making a reticle 7 
stand it still in the center of a scanning direction about the 1 st datum level 62 as shown in dr awin g 8 (a), a wafer stage 
is driven and the test print (condition broth exposure) of the image of the pattern in the lighting field 8 is carried out to 
two or more fields on a wafer 12 (field exposed by the **** field 13) with a step-and-repeat method, respectively. In 
this case, in parallel with run side 1 7a, the front face of a wafer 12 is set as the tilt angle (0 0), and changes the focal 
position (Z coordinate) of a wafer 12 gradually for every one exposure. Then, it is the 1st tilt angle (thetaXP, thetaYP) 

— J j:- 1 ^^^14.: — ™n -^f — i 1 t-,. a — : r — i — j — — 4.:_^ 4.1 r*i u*.„: 1 

projection image by asking for the distribution of the best focus position in each point in the **** field 13, and 
carrying out flat-surface approximation of this distribution. It asks. 

[0045] Next, about the 2nd datum level 65, the beginning is asked for the tilt angle (thetaXP, thetaYP) of the 1st datum 
level 62 by the above-mentioned method, and this tilt angle is set as the 1st storage section 55 of drawing 7 through the 
non-illustrated I/O device, moreover, tilt-angle thetaX of the 2nd datum level 65 ****** ~ the value 0 (the same value 
as run side 17a) is set as the 2nd storage section 56 of drawing 7 through the non-illustrated I/O device Then, while 
only a predetermined interval changes the desired value of a focal position (Z coordinate) for every one exposure, the 
test print by step - and - scanning method is performed. At the time of scanning exposure of each time in this case, a 
wafer 12 is in the state with which the tilt angle agreed in the 1st datum level 62, and the focal position is being fixed. 
Then, the distribution of the best focus position in each exposure field (shot field) of a wafer 12 is called for by 
developing a wafer 12 and measuring the resolution of the obtained image. Tilt-angle thetaY (this is almost equal to 
tilt-angle thetaYP of the 1 st datum level 62) around dlt-angle thetaX around the Y-axis of the 2nd datum level 65 and 
the X-axis is called for from the distribution. The tilt-angle thetaX The 2nd storage section 56 of drawing 7 memorizes 
through a non-illustrated I/O device. 

[0046] In addition, in drawing 2 , although a tilt angle and the measure points P21-P43 for focal position detection are 
distributed in the **** field 13, these measure points P21-P43 may be protruded from the **** field 13. Moreover, the 
number of the whole measure points PI 1-P53 and an array are not limited to drawing 2 , for example, may arrange a 
measure point in a completely different class in the direction of X, Furthermore, although the multipoint AF sensor 25 
is used in the above-mentioned example in order to detect the tilt angle of the **** field 13 on a wafer 12 Instead of a 
multipoint AF sensor, AF sensor of one point is used, and a measure point irradiates the parallel flux of light aslant on 
the front face of a wafer 1 2 for tilt-angle detection, and may use the leveling sensor of the parallel flux of light oblique 
incidence method which detects the tilt angle of the front face from the amount of strike slips of the condensing 
position of the reflected light. 

[0047] Thus, this invention is not limited to the above-mentioned example, but can take composidon various in the 

range which does not deviate from the summary of this invention. 

[0048] 

[Effect of the Invention] According to the projection aligner of this invention, the tilt angle of the projection image to 
the exposure field on the photosensitive substrate resulting from the inclination of a mask or the inclination of a 
projection optical system (**** field) is the tilt angle of the 1st datum level. Moreover, the inclination of the projection 
image to the exposure field on a substrate resulting from a gap of the tilt angle of the run side (slideway) of the stage 
by the side of a mask and the stage by the side of a substrate etc. serves as a tilt angle of the 2nd datum level. 
Therefore, even if the height of the image formation side of a projection optical system changes during scanning 
exposure by performing control of a tilt angle and a focal position based on these two datum level, there is an 
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advantage which can double [ be / iinder / scanning exposure / continuation / it ] the front face of a substrate with the 
image formation side in a hi^ flattery precision. 

[0049] Consequently, even when it becomes easy to obtain a homogeneous projection image in the whole region of 
each exposure field on a substrate (shot field) and the depth of focus of the image formation side of a projection optical 
system becomes narrow, a high image formadon property can be maintained. That is, the tolerance (focal margin) to 
the depth of focus becomes high. Moreover, since what is necessary is just to only use the data only memorized during 
scanning exposure when the state of change of the tilt angle of the 1st datum level and the focal position of the 2nd 
datum level of the above is measured beforehand and memorized in dlt-angle control means and the focal position 
control means, respectively, a control sequence is simplified and the slew rate to change of a focal position can also be 
accelerated. 
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[Procedure revision] 

[Filing Date] June 28, Heisei 14 (2002. 6.28) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] Claim. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] In the projection aligner which imprints the image of the pattern of the aforementioned mask serially in the 
exposure field on the aforementioned substrate by illuminating the mask with which the pattern for an imprint was 
formed, and scanning the aforementioned mask and the aforementioned substrate synchronously to the aforementioned 
projection optical system where some images of the pattern of this mask are projected on the predetermined exposure 
field on a photosensitive substrate through a projection optical system 

The field position detection sensor which detects the focal position of the tilt angle of the aforementioned 
predetermined exposure field on the aforementioned substrate, and the direction of an optical axis of the 
aforementioned projection optical system. 

Tilt-angle control means which control the tih angle of the aforementioned substrate to double the tilt angle detected by 
this field position detection sensor with the tilt angle of the 1st datum level which becomes settled by the projection 
image by the aforementioned projection optical system of the aforementioned mask, 
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The projection aligner characterized by having a focal position control means to control the focal position of the 
aforementioned substrate to double the focal position detected by the aforementioned field position detection sensor 
with the focal position of the 2nd datum level which becomes settled according to the tilt angle of the scanning 
direction of the run side of the aforementioned mask, and the tilt angle of the aforementioned mask. 
[Claim 2] It is a projection ahgner according to claim 1 . 

The state of change of the tilt angle of the 1st datum level of the above and the focal position of the 2nd datum level of 
the above is a projection aligner characterized by what it is measured beforehand and memorized in the aforementioned 
tilt-angle control means and the aforementioned focal position control means, respectively. 
[Claim 3] It is a projection aligner according to claim 1 or 2. 

The inclination of the 1st datum level of the above is a projection aligner characterized by being an inclination to the 
run side of the substrate stage in which the aforementioned substrate is laid. 
[Claim 4] It is a projection aligner given in any 1 term of claims 1-3. 

The 2nd datum level of the above is a projection aligner characterized by expressing the amount of change to the 
aforementioned optical-axis direction of the image of the pattem of the aforementioned mask produced during the scan 
of the aforementioned mask according to the inclination of the pattem formation side of the aforementioned mask to 
the run side of the aforementioned mask. 

[Claim 5] It is a projection aligner given in any 1 term of claims 1-4. 

The aforementioned focal position control means is a projection aligner characterized by responding to the 1st datum 
level of the above, and the 2nd datum level, and controlling the focal position of the aforementioned substrate under 
aforementioned scan. 

[Claim 6] It is a projection aligner according to claim 5. 

Hirpptmn / mf^nrK: / fnnal nn<3itinn rnntrnl / aforementioned / under 

the aforementioned imprint processing and in the aforementioned substrate ] XO from - time of moving to the arbitrary 
positions X 

a tilt angle [ in / the aforementioned scanning direction of thetaXP and the 2nd datum level of the above / for the tilt 
angle in the aforementioned scanning direction of the 1st datum level of the above ] ~ thetaX ** - deltaz which carries 
out and expresses the position in the aforementioned optical-axis direction of the aforementioned substrate below - an 
amendment ~ projection aligner characterized by things 
deltaz- (X-XO) (thetaX-thetaXP) 

[Claim 7] In the projection aligner which imprints the image of the pattem of the aforementioned mask serially in the 
exposure field on the aforementioned substrate by illuminating the mask with which the pattem for an imprint was 
formed, and scanning the aforementioned mask and the aforementioned substrate synchronously to the aforementioned 
projection optical system where some images of the pattem of this mask are projected on the predetermined exposure 
field on a substrate through a projection optical system 

The field position detection sensor which detects the focal position of the tilt angle of the aforementioned 
predetermined exposure field on the aforementioned substrate, and the direction of an optical axis of the 
aforementioned projection optical system, 

According to the detection result by the aforementioned field position detection sensor, it has the control means which 
control the position and tilt angle in the direction of an optical axis of the aforementioned projection optical system of 
the aforementioned substrate so that the aforementioned substrate front face may agree in the image formation side of 
the aforementioned projection optical system. 

criteria position [ in / the aforementioned scanning direction / control means / aforementioned / under the 
aforementioned imprint processing and in the aforementioned substrate ] XO from ~ time of moving to the arbitrary 
positions X 

the deltaz which expresses the position in the aforementioned optical-axis direction of the aforementioned substrate 

below by setting to thetaX the tilt angle in the aforementioned scanning direction of the 2nd datum level which 

becomes settled according to the tilt angle of the pattem-formation side of the mask to the run side of thetaXP and the 

aforementioned mask about the tilt angle in the aforementioned scaiming direction of the 1st datum level which 

becomes settled by the projection image by the aforementioned projection optical system of the aforementioned mask - 

- an amendment ~ the projection aligner characterized by things 

deltaz= (X-XO) (thetaX-thetaXP) 

[Procedure amendment 2] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0010. 

[Method of Amendment] Change. 
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[Proposed Amendment] 

[0010] In this case, as for the state of change of the tih angle of the 1st datum level (62), and the focal position of the 
2nd datum level (65), it is desirable for it to be measured beforehand and to memorize in tilt-angle control means (16A- 
16C, 20) and a focal position control means (16A- 16C, 20), respectively. Moreover, another projection aligner by this 
invention illuminates the mask (7) with which the pattern for an imprint was formed. Where some images of the 
pattern of this mask are projected on the predetermined exposure field (**** field 13) on a substrate (12) through a 
projection optical system (1 1) By scanning a mask (7) and a substrate (12) synchronously to a projection optical 
system (1 1) In the projection aligner which imprints the image of the pattern of a mask (7) serially in the exposure field 
on a substrate (12) The field position detection sensor which detects the focal position of the tilt angle of the 
predetermined exposure field (13) on a substrate (12), and the direction of an optical axis of a projection optical system 

(11) (25), According to the detection result by this field position detection sensor, so that a substrate fi*ont face may 
agree in the image formation side of a projection optical system (1 1) It has the control means (16A- 16C, 20) which 
control the position and tilt angle in the direction of an optical axis of a projection optical system (11) of a substrate 

(12) . control means (16A- 16C, 20) criteria position [ in / a scanning direction / under imprint processing and in a 
substrate (12) ] XO fi-om ~ when it moves to the arbitrary positions X, only deltaz which expresses the position in the 
direction of an optical axis of a substrate (12) below is an amendment thing deltaz = (X-XO) (thetaX-thetaXP) here, 
thetaXP is a tilt angle in the scanning direction of the 1st datum level (62) which becomes settled by the projection 
image by the projection optical system (1 1) of a mask (7), and thetaX. It is a tilt angle in the scanning direction of tiie 
2nd datum level (65) which becomes settled according to the tilt angle of the pattern formation side of the mask (7) to 
the run side (10a) of a mask (7). 
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His 0 ia i::Srs:T Y:^isjfrg;m5n3i y *ci£a$n. 
xxx— >'i sxtt. Sfili^^-T^i 7-tc«fgxiifiO*a 



Ytt)tI©«^KiJ»2 2Y (0 7^?iift) ftrX^V^EOWifT- 
^^^Z3YteJ:^)> C^X/M 2<^)Yl4t4l!i»«SI^^-^$ 

[002 1] 7^^3.X-^1 6A~1 6C«3 

iS^mmK-:>^w^ri>. Men. r^^^ax-s'i 6a 
cC!5ffoesT*o. cotsisicistir. ^i0>y7.7^v 
isY±cjaia««5/Ne?i^>i?'4 0)S«@£«n. j^ts 

n. 2^»]i3U4i<7)£fijiAy:/u>i^4 2*^uriEi 

fe^«femffi®c]-:?x>:3-4^4 3A«t8iS$n. MOfa 

1^4 6c5*«t:^t^:/'J >e^4 4fc^u-CD-^'U^- 
3 9 )^««an» -^-y h 3 9 izA'tts 8 fe^UTJtsgsa* 

ia^Ufc«lffiS53 6 Ai»*tfi|/t'^n. l^ie«S3 6 A<5i:3Si 

to 0 2 2) ie^a5g3S3 6Ariiafi3tf-f K3 7fc«i 

(:;{*t«&$n. D-^'J^^'4Grt^&««n^Si&i^ 
ism^ ■ciS»3iaC4 i*r0fe^«>- c:nk:J;D. :^ 
y H 3 9*ii£r)iaC4 1 Cfft-pTX^ST^&SCftt, JPJ® 

??3 eA^j!goiaC4 lic^ft-^TSta-r*- «rjr. ^ 
**^JK^^l«^e5AC?s?;^^^4 ok:>fuxJi:"R:&iP3 <z^ 

(SO) fCSttrs. i*9ft[;4 l<!5Er^^SS*0 

-;jrijx>:3-^^43fc:j;OSt-®rsti:»ci:0. BfS 

[0 0 2 Si T'i'a^ci.x-^l 6A-1 eCf^:. 

A;i?^-5^ffiSaJ!&2 4e?rUTX;i5P—>'l 5X. YX 

7^->-iSY, auiz^juh;^7—- 4«)js(Ff^er^ 

Uf^>7;i.7*:aHiwm«8*::*^LT-i-x^'(.'0 (Xtt-x^ 
SXStfrUT'JX/M 2*fEgJ9'7^-Jl'Kl 3tl3:*U*C 
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[0 0 2 4]ikt:. »>XAi2(OifeSitf>z:^i6joiiLE 

*W«)U>X2 5*^M--C. tfta&«'?'S£l iOM(i**(c3t^ 
(0 0 2 53 •>X>rM2J:0-tn8^ia8^Pn 

[0 0 2 63 HICSD^ 'en9C9fftSH£)!f^e.(5)ES*?fc 
£819193^ 2 0 ^ OlglSiie^D S Sffl^S 

r>x/N.tct)^saAP„~PMt^*i;&T*&EK-^n't-*n 

nx 1^ h 3 1 3 1 sjAtJgS^ti. 'J y S« 

3 1 tijjp^^ 3 2 5 &x hofc:F3trtS)J::ifijiir 

mis 3 3 ±(D 1 frB <^>5t^S3E«i9R T" 3 3 1,- 3 3 „U 



3 34,K:Kv ^•il-€^^l@2«)5*-«WAPi|-P«3J*6SM 
t^tVZ. fl':>mm7. y y hfi 3 i i|>©jtifi£rr*Z U y V 

-3 3„*\e.CD«tm^^f±, l8i3S4 6„-4 6s,&^ 
S4 7 ,,--4 7 Htt-¥-ST^il3lllS5S53 2 fflOifefiifeC&D 

•r/D-fe^^i*- (MPU) ^off^i^c^^^^i^m^izMm'L 

fcfl«&u A/D^»4 9*N6W:«ian«5*s?-?;uc!D 
7st--*x^^^<«^^c.^.«$*M2 om^^^u s i f^»c 

[0 0303 H7tt. lS11<0 3«tori>'9*a.X-#'l 6 
A-16C£D!KSfta&«f^U. rfi!>W7<0^{ail3S2 0fc 

n-?nia3 2 ©gtasj^ p p nT?<^>i^«itei&5iTr7*£> 
2£DJ^{i»7^-;^H i 3»^c95ti!gjSK:?*;5r'5>7 Kwx 

A, 5 41J&C^5 4Ct;^«fi5*t«», 
[0 0 3 1] ^t^. S H^ODy Kl'AS li,-5 

1,),, 5tt^S :„-S la/z^GSE^aiSn^t, tel2i05t 

zr\imx\io:s-/M zomm^iio^m^n 
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sett. C7X/M 2-bCI)Jltiflf7^-;Ph'i S-t=©^ifem 

10 0 323 wC-e, laS^rJ^jagUT. -C-©^ 1 Jtt^ 
2 0S'PTatC-?e^«8lC3i>Jl3T». Wfi (a) ttWl© 
X7^-:7^&*f!BW^LT^i^. ::©R8 (a> (C^Vi 

xw©Eio©*es4^i*« CO. 0) tSKitt^nTuafe© 
[0 0 3 3) c©4Sfi-. V5=-ir;i'736«3feSt:&fa50'*'*© 

>;&fi5g?t^3i^ 1 1 *^M.TW!gF> ^ Wl- K 1 3 Cl5£ja? 
Ufc«l©IS«ltf 35»<J5 1 ©flE«P*i 6 S -le* 0 . SI ©S»I« 

1 2 ©^BfH» 1 ©S»PM6 2 tC^^^T* -fc tcaiiifes 
) iC^*«. WS (a) TrtUf^i7JI.7©<iS 

©3gi©^®6 2©2:&iRi'v©jgaia^£sr©i<* se 
to 0 34] u-fe, S8 <a) r^9t^mx \o^^ 
i©jS*»^ +x:i?iRjK:«nfe,'fi6 4 Ai:©x;&i«i)©e]ja 

Tf^^ftm^6 3BA^e, X^fijtnUW (X-X.)/S:»*J- 
afUt i/xy \ 1 2 l:©.*[€'iS 6 4 B «h St^jt^^ 

10035} 

mel X-Xo =-|S (x-Xb) 
■e©«£. (a> ©*CSrf*S^;^j:Ai 2©^««. S. 

1 2€:-en-cn-x;mijA£Jt+x;5rrpiJc^mfciS-Cife^ 
ur. ^8 (b) ic^T^^c. uefd^jur^o/se 4 



A*«3tWiAX±t;¥.at, OX^M 2 l'.TW.«6 4BJ>^ 
3fc«AX±K:3l^&. U;i>L^tA<t., U^^rjl7±<^mm 

4 A©^«3t^« 1 1 i:^Lit1^6 4 C©&fitt. ,^ 

PgS (b) tC^t>T. ^^JLfM 2^-CO^<0m^ 

A<a5 1 ©^jjEiftf 6 2 © t» 2 © 

jjfcj^ens u^i?;voAi^->fli©tt#®**'t©SJ52 © 

[0 0 3 63 ^mTii-^i^^2(t>Sm^6 Si;:>Y9a©EI 
(b) t;:*tt-5e»XAl 2-fc©j&6 4B£«^,6 4Ci 

[0 0 3 73 

[ft63 5 a- <X-XJ (e,-^r^) 
^^CLT, 3ira©7>r^iX— 4?1 6 A— 1 6C©J5S^ 

[0 0 a ft] E7fcK0, «1©SB1B35 536^e,©^l 

©s«PKi©<^«ft«B^ (?tr7:?j. •en-cn«i^^^©e^s 

«tLT«S»54A]ttKS4Rfc^:^*i. iSSt^SS 
W^nf5<K<^©«£APx<»*sr-ejt)^ StJJAe 

^;i.bX7^yi4©Xiii«sexB, as«E©z?-;vhx 
©•fnc 5 ^ iii ;i©t*nfi c z iz^fe^-isiiB ?. „ 

©iSSA2 (=:zp-a) TJ^^KSnxv^S., ptS(4ffi 
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(X,. Y,). (X,, YJ^JSmT*- 

[0 0 4 0] %1t. fttfSEf«^r. JfcO^ 



vz, 
vz. 



0 0 



r00423 7!?9'a.x-^'l 6A-1 6CcOii« (X 
Y,)- (X,, Yjjfi, KfX/M zti^i^^n^<^ 

-6 1 C*?ri^T7^'^c^X-^l 6 A-1 eC^St® 
•ra- Ti^-S^^LX— 1 € A— 1 6 C©rtS5®0 

-;$'UX>=I-^4 3A-4 3C (feI6<0a-:^';x> 

StiiSffVZ, -VZ3 Tf z:!i7Sii»:^S*as. 

t0043j -^-U-C. ■t©7i?9'aX-^l 6A-1 6 
CC:J:^)!aiIftS*\&S<0»:7Xy> l 2tO*S(?>{t?KftVlg 

r0 044l:^IC. B$>Cjs^t.fcH»7-f^;V'H X 31*1 

8 (a) i:i^-rj:^i::. U5^5^;U7 e3ifi5&Pilcoi***te 
> H • U t:- h;^fe: J: >5 . "^x/s 1 2 ±©ffiBcomia 



A. 16 8, 1 6c^(o-£-n^tiomffi-r?evz, , 

[0 0 4 1] 



0 
0 



Y. 1 
Xs Y, 1 



A Or 

A?: 



>hS?TP. ;i<j>IScE)$0©^»3WK:tt, ^^x/\3 
ffij!SLffifa»B«*iTt'>a. ^x^m 2^^«t 

C!JiSfeipiiD6 5<0Yttci>EIt)"C©^a^#^©x- Xtt®lEl»? 

«»lxtffff«ajfe^X^|£)C&iSV^ll6!SUT'faJ:v^, 
©AK'fe>'y-£ffifflbr. «^ft«mfflt::t«^t3:C7x;> 
CO 0 4 7] OD^'^^Z. TpjftWfiiiiiSfeifiWClSSt; 
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[00483 

-tne. 2':><^^fi^F(E5K«t':^^r^T^^«^ft 
[0 0 4 93 -eoaie, sfit±®4tss;t7^--rt^H 

[[Bin *:*(H<o-tidfiMTa^sn/t:taf^^/:/*r> 

IE! 3 } P9 1 ^(Om-X^ 'J y h ft 2 S S^'^-HT**. 



[073 fitfXi*»«&t>X/M 2t077t-tf7. ' 

[083 (a) stcjt^T^seicoa 

1 1 SJ^Tt^?^ 

1 3 S§^3'-f-JV'K 

1 5 y YX^v 
15X X7.p^5? 
16A-36C 7^?^^X— 
19, 23 X, 23Y tf^i^gh 

2 S ^,'ji£AF-t>'t>' 

PU-P53 

3 3 3tlg«fetb» 
3 4 e-^ffi^lfi 

5 2 JE^/h^9lli£^&!« 

6 7 a-Si^^^ffiim 

5 8 eiS£^S/i£i£^^S 

6 5 ^2e>^m 



[gl33 



?4> 
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(5ijiiit.cL< mitt^ >rF^Ea*^ Fi ^mti^sm 

HO II- 21/30 5 1 8 

5 2 6A 
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r^ffBl 1 I H (2 0 0 2, 9. 1 1) 

ci^ra*-ijj i*ra¥9-i 5S7 2 

[i^ffiB] ^iSflit^lfl 1 7B <1 9 9 7. 1. IT) 

raiS5®^3 «?»¥7 - X 6 3 3-3 S 

C03F fl/02 
602B 7/J8 

OTSjB 13/96 
GOSF 7/20 S2I 

flOJL 21/037 

OOSF 9/02 II 

7/20 521 
G02B 7/jJ « 
003B 3/00 A 
HOIL tim 516 B 

SIX 

$26 A 

rigfflH) 4<^6)^2 8B (2 0 0 2. 6. 2 

8) 

mmm) 



CX-X,) (©x-^xp) 

gfl^jHu^^gst:^. msffi^^Fi^pe^ 
fete. 



[^jH^IS^R^] 0 0 10 

[0 0 10] wOi^, srsi«!>^^ (6 2) <nm>t 

fl. ^fcC^ffi2ioatiPi2D (6 5) ©*fej^^-etWcD^fl:<Ott^ 

6 c, 2 0). ikxmmiL^mi'f^'&L ( j e a- i e 

C, 20) P?(caffi3nTt'*^^-2:A«RjfcH.i. 

^^-Rrvft-^T.^ (7) ^egi^L. firy:;c^tf>yt^-> 

^gTFs -^-X^ (7) Ratgft (^ 2? 

(7) ci;t»- v<Qi&y^3^<g o 2) -fc<oSj^7^-jt. 

(1 2) o4&i^^g^ (in <oe^^ 

6C. 2 0) ^^U ^liP^Efr (l fi A-^ 

y fic. 3 0) p. ^^ffl^i', ffffi (12) 

jgg (1 2 ) g>^tt:fr[SiK::te t-ta4frgi!ria-ytra 
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